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Evaluation of the anti-inflammatory
effects of enrofloxacin

on lipopolysaccharide-induced
hyperactivated mouse spleen cells
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Abstract

Evaluation of the anti-inflammatory
effects of enrofloxacin
on lipopolysaccharide-induced
hyperactivated mouse spleen cells

Supervised by professor Hong—Gu Joo
Hyeong—Ju Ko

College of Veterinary Medicine,
Graduate school,

Jeju National University

Enrofloxacin is a broad-spectrum antibiotic widely wused 1in
veterinary medicine. It is a fluoroquinolone and inhibits the action
of bacterial DNA gyrase, resulting in anti—bacterial effects. The aim
of this study is to determine whether enrofloxacin has modulatory
and anti—inflammatory activity on immune cells. There are few
studies on the anti-inflammatory effects of enrofloxacin. We used

mouse spleen cells treated with lipopolysaccharide (LPS) and



investigated the effect of enrofloxacin. The several assays were
measure in LPS-treated spleen cells after enrofloxacin treatment.
Enrofloxacin significantly inhibited the metabolic activity and
mitochondrial membrane potential of LPS-treated spleen cells.
However, enrofloxacin did not alter the proportion of subsets in
spleen cells, and also did not induce cell death. The production of
tumor necrosis factor—-alpha in LPS-treated spleen cells was
inhibited by enrofloxacin. Taken together, enrofloxacin showed
modulatory activity in the spleen cells treated with LPS. These
data may broaden the use of enrofloxacin as an antibiotic with

anti—inflammatory activity in veterinary clinics.

Keywords: enrofloxacin, spleen cells, anti-inflammatory activity,

lipopolysaccharide, mitochondrial membrane potential
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Quinoloned A A= FHFAYA o], Z7]o| nalidixic acid’} 7Rt
H old HZolE 24 quinoloneA a3 A|S1 fluoroquinolone®] THF&
ARE-¥ 3L 91tH[10]. Fluoroquinolonet: Y2 ¥ S 7HAH A%
B2 ¥ 355 E €5 7 o A AYdEEelA Hud kst

<9 Azl g AE¥= FEolth[3]. QuinoloneA A
Ae HIAP AdY AxEd <¢toz Eo(7F DNA HA44 23 DNA
gyrases ESIA|A AZTEES Adsto=zn Aadans veERdT[10].

FluoroquinoloneZ| & 3 #-&8ut olyg} gAS2ES = A

Oft

o7 dHF oM [2], ciprofloxacin, moxifloxacine< lipopolysaccharide
(LPS)E A=49 A9l monocyted X APHE 2% dsiN=4dEs &
oA o7 A7 ARde]l BHaEItH1,14,15]. aFAIRE AA7EA] Z}A]
AT deAA At

B dddAe Ade=Y AdAd dETd de AREH s
Enrofloxacin (EFX)o] &f2tg o]ejo] oWl 2d28& A doli
a7k, F8 WAER WA Z LPSE o] &8t HEAdstE d5d W

AN EE TE F EFXE A 1 ans ol



AP FEF Ak

Be Ayole 8-129%  Afole] CH7BL/6 mF9-2=7F AREEIAL,
AL ATty sEAFAGAL3 e e ol AP om,
et sEAPEYAs STt ($ed¥WE 2018-0011,
2019-0002). Enrofloxacin (EFX)2 n}o]E" 25 (Bayer, 25mg/ml)=
ALt St

HZAEY 9 E2AY

AgAe GyE WHs Fd HAAEE FYAT5]. EAEE 70
um cell strainer (BD Bioscience, USA)o| A7 single cell €M& "=
S ASFE9 1 96- T 6-well culture platesol] ®loFEIS T EFXe}f
LPSE A3k § 37 C, 5% CO29| =310l A wjkat & 4l o833
.

HIA 9 gALRE 53

H AAEE 2X10° cells/mLe] H%E2 96-well culture plated] ¥& 3

EFXet LPSE A atdirt. 48412k ¥ 3-(4,5-dimethylthiazol-2-yD)-2,

5-diphenyltetrazoliumbromide (MTT) assayS AA|SFTHGE]. A 3Eo

MTTEHS 0.5 mg/mlL EZE 4A7F %2 AHEst & 10% sodium
&< WA Z T

-

dodecyl sulfate&NS welld 100 plLA® o] 247t
Microplate reader (Thermo ScientificAh)E o]-&3] SF %= (570nm)E=

=93t



A ZEA

nhg-2 B A EE wfge T 2x10° cells/mLe X% 6-well culture
plated] Y3l EFXe} LPSE A 2lsF3lth 48A1%F 9l Fgt £ mitochondrial
membrane potential (MMP, v|EZE=dZ o} wA)E =AH3 7] &
Rhodamine 123 fHo 2 AME a1, cell death (A FADSAHL 93]
Annexin V-FITC® propidium iodide fHo =z JAMsATH9], T3
H| A E 2] subset WS EA387] 98], T cell I B cell E0]&9l
FHEAQ CD3est CD19el gk SoldAlE AR&ste] AASATHALL
A EEAS CytoFLEXSF CytExpert software (Beckman Coulter,
USA)E o]-&3l A a3t

Tumor necrosis factor-a A%
H A ES 96-well culture platese]l ¥2 5 LPS¢} EFXE A @3t
727 wjFsETE. ELISA kit (InvitrogenAhE o] &3 wiFE AlE

[
A}==oll o)) ¢)+ tumor necrosis factor (TNF)-a9  AAs

Lo

flo

Figure 1, 6> H+ + ¥+¥HA2 Yeth, ANOVA 243 Turkey H

Hog {oAL ety on, p valueZt 0.05 1 FFSl A {93 Ao



. a3

HZAEZe A =] t Enrofloxacin (EFX) ¢ &%

Aolgle w2 HAAAIEZY giAMEAd X (metabolic  activity) &
=437l Y8l MTT assay & ©o]&ste] =A3¥ . MTT assay &
dotds MEANA gAEEAEE SAst AlEe FAE, ASES
ot = FAIHolth. EFX & ©xo2 Asidls W sEwsd
dEkglo]l Ao thatEAd o] Wty gAY Wk LPS & AP sels
W= EFX ol 93] dAtdA =7 fHAaE= 3s Fels
E%7F 25 ~ 50 pg/mL ol A= AR =7F st ZEAeklth (Fig. D).

FIKE —+—Control -M-LPS
=
i 060
= &
ﬂ: 0.50 4 A
S 0.40
e
£ 030 -
=
2
® 0.10 -
-
=
e 0.00 . . ;
0 3.125 6.25 12.5 25 50
Enrofloxacin (pg/mL)

Fig. 1. EFX decreases the metabolic activity of LPS-treated spleen cells.
Control, EFX were treated on spleen cells for 2 days. 1 xg/ml LPS was
treated on other spleen cells with same concentration EFX. * *** indicate p <
0.05, 0.001 respectively.



Enrofloxacind] 9|3 BIZAIRXY mEZ=go} A9 W3

EFX ¢ LPS = Aeld wh$-2 BFAELY vEZE=dolebde] (MMP)
Hels #A487] 98, AEE Rhodamine 123 {90z A =
FACS #41&  AAalth. MMP &41elA  EFXRE A3 AlZol A=
frolgh Wskrb QIdAIRE, LPS & ©@som Aed AlEoA= MMP
FA7F FobRaL o] % EFX 9 ko Wil sxoEA o2 MMP 47}
srolx o). (Fig. 2).

w3t Axe] A7) (Forward scatter, FSC) % granularity (Side
scatter, SSC)E A3t Az LPS7F AgEHA &S AEA EFX 9
Fol= FSC/SSColl  F3Fe wAA gttt ¥, LPS7F A4
MENAE FSC/SSC 7} =713k AlEwto] &t (Pl region). HE3H
LPS + EFX H3AHgToA= EFX 9 FXo| H]#3sle] Pl region 9
AEZT (B]E)7F 18%°NA 9%7HA] A8kt (Fig. 3).
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Fig. 2. EFX reduces the mitochodrial membrane potential (MMP) of spleen
cells that were treated LPS. Three concentrations (0, 10, 50 x#g/ml) EFX were
treated on mouse speen cells in 6-well culture plates with or without 1 xg/ml

LPS for 2 days. The treated spleen cells were stained with Rhodamine 123
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Fig. 3. EFX decreases the size of the splenocytes treated with LPS. The cells
were treated with EFX (0, 10, 50 xg/ml) and LPS (1 #g8/ml). The P1 region
includes FSC"¢"SSC™ cells by activated by LPS.

Enrofloxacin®] H|ZZA|XZ9] cell deathol] V|X|& 93

EFX ¢} LPS & A% w92 v ZAA X9 cell death & 3<lst7] 93
Annexin  V-FITC/propidium iodide &= @M3 Z FAHEEAS
AAE Y EFX = LPS 5ol #Agle] cell death ¢ W3k7t gld.
(Fig. 4)
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Figure 4. Enrofloxacin does not induce the cell death. The spleen cells were
treated with EFX (0, 10, 50 pg/mL) and LPS (1 pg/mL) for 2 days. The
treated cells were stained with annexin V-FITC/PI for cell death analysis. The
numbers in quadrants indicates the percentage of cells in viable (lower left),

early apoptosis (lower right), late apoptosis (upper right), necrosis (upper left).
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Figure 5. Enrofloxacin does not alter the proportion of lymphocytes. The
spleen cells were treated with EFX (0, 10, 50 pg/mL) and LPS (1 pg/mL)
for 2 days. The treated cells were stained with biotin-labeled CD3e (A),
CD19 (B) specific antibody and streptavidin-FITC sequentially. The stained
cells were analyzed by FACS. The lymphocyte region (P1) and the positive
region of each marker (P2) were gated sequentially. The number in histograms

indicates the value of P2 subtracted with that of isotype control (4.59%).

Enrofloxacin®] &3t 8] &ZAAM XS TNF-a A34F 74

ohg-2 HEAES EFXSF LPSE A eglste] 343 it & thEA <l
A B2 F 3hUQl TNF-a 2SS SASE T LPSE A2 e Alx
o = TNF-a9 FX7} =kar, of7]o] & EFXE 6.25 ~ 50 ng/mL

= AEg AlZoM s dasIAT FAA SR frolskA= skt (Fig. 6).
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Figure 6. Enrofloxacin decreases the production of TNF-o in LPS-treated spleen
cells. The cells were cultured and treated LPS and EFX in 96-well culture plates as
in Fig. 1. The amount of TNF-a in the supernatants was measured using ELISA.

Data are presented as mean + standard deviation (SD) from four individual wells.
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Quinolonel &A1 AT W& A= AFHo2 By np
Atk Abge] @G5 LPSE A=3k $9| ciprofloxacing 28T Y
IL-18, IL-6 ¥ 3 TNF-a® A4te]l A= Ao [14], moxifloxacin
& A&ste] IL-1ast TNF-a2 R|7F fFofsiAl A AHdE Elst
At [1,15]. o d7dol A ®o] ALE-X+ enrofloxacin 3 Ao] E7)<1
o ik xdo]l HauHEJH[11]. AT A5 AolETEQIel Ak A8t
o] 9ol quinolone ] &FAYAS] WAAM A ZHztgo djgh A5-+= w5
T3 AAgolth 2 Aol s AdsEolA HEA) FAYA R AL H
1 91+ enrofloxacin® ZAZHEE 2dolH 7] Y8, vl B]AA E
LPSE AZld § A skqlth

LPS= A2l vdAxEe A9 enrofloxacin 25 ~ 50 pg/mLe] &%
HAANA  diAtEd = MMP 25 ZAskglh. mgk LPSe 95
FSC/SSC7} =7t +9 (P1 region)® A3 4% enrofloxacin®] 2]
A4 AT SRR LPSE A glshA] &2 v|FAMxe 49 enrofloxacin
of ojgt W= AHEHA 2tk EF enrofloxacinel] o3 7HAE thA
=7 AEVE FowA ST "ozl AIAE ] 98
Annexin V-FITC/PI #41& AAI8I31=0 cell death®] Wk ¥ H A
&hrh. 53] Ple AEHS A5kl cell death®] H3tE WA Wl
= 9= UA|HH[13], late apoptosis®} necrosis EFolA FEH3 WH3HU)
AATh webA AR =] FFATE AlEAR] 9%k Flo] ol AT
ALe] Aol oldk Ao 2 FAHHEY. Enrofloxacine THIXEG9} BHI A
o vl &= F3Fe FA FUh

TNF-av= tEH dATA MolE7loz theket TR/ AEoA

LPSoll  olaf ZF7Feth(8,12]. TNF-ao] AaksEs geldk Az
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